Methods and analysis: Participants aged 70 years or older, living in the community in Sydney will be recruited and randomly allocated to an intervention or control group. The intervention consists of a tailored, home-based balance training delivered through a tablet computer. Intervention participants will be asked to complete 2 h of exercises per week for 2 years. Both groups will receive an education programme focused on health-related information relevant to older adults, delivered through the tablet computer via weekly fact sheets. Primary outcome measures include number of fallers and falls rate recorded in weekly fall diaries at 12 months. A sample size of 500 will be necessary to see an effect on falls rate. Secondary outcome measures include concern about falling, depressive symptoms, health-related quality of life and physical activity levels (in all 500 participants); and physiological fall risk, balance, functional mobility, gait, stepping and cognitive performance (in a subsample of 200 participants). Adherence, acceptability, usability and enjoyment will be recorded in intervention group participants over 2 years. Data will be analysed using the intention-to-treat principle. Secondary analyses are planned in people with greater adherence. Economic analyses will be assessed from a health and community care provider perspective.
Ethics and dissemination: Ethical approval was obtained from UNSW Ethics Committee in December 2014 (ref number HC#14/266
). Outcomes will be disseminated through publication in peer-reviewed journals and presentations at international conferences.
INTRODUCTION
One-third of people aged 65 years and over fall every year, and falls and fractures account for over half of all injury-related healthcare costs. This impact will grow substantially in the near future due to the increased proportion of older people in the population. Furthermore, the personal and societal impact from falls is enormous due to mobility-related disability and loss of independence. Developing and implementing effective strategies that prevent falls and
Strengths and limitations of this study
▪ This randomised controlled trial will investigate the effectiveness of an engaging home-based exercise programme delivered through a tablet computer in line with current evidence-based principles to prevent falls and maximise longterm adherence. ▪ The use of technology makes it possible to provide tailored and progressive balance exercises and allows real-time data gathering of adherence. ▪ The trial will establish predictors of adherence to the exercise programme for a 24-month follow-up period and estimate the costeffectiveness of this approach. ▪ Participant blinding is not possible. mobility problems among older people is, therefore, an urgent public health issue.
There is clear evidence that falls in older people can be prevented with appropriately designed intervention programmes. A Cochrane systematic review concluded that exercise is one of the single most effective strategies to reduce the rate of falls in older adults. 1 There is also systematic review evidence that, to be effective in preventing falls, exercise programmes must include at least moderately challenging balance exercises and be performed frequently (ie, for more than 2 h a week over a 6-month period).
2 If well-designed, exercise programmes can reduce falls by 42%, as demonstrated by pooled results from 44 trials ( pooled rate ratio 0.58, 95% CI 0.48 to 0.69), 2 and for up to 2 years in people who continue to exercise. 3 However, sustained adherence in effective trials is poor with median reported adherence rates of 52% (range 43-61%) at 12 months, 4 dropping down to 35% at 2 years. 3 Therefore, in order to prevent falls at the public health level, strategies that optimise long-term adherence to balance training programmes are needed.
The incorporation of regular exercise as a consistent lifestyle behaviour (ie, more than 2 h per week) is not easy for many older people due to poor exercise tolerance and lack of enjoyment. Several factors create barriers to exercise uptake and adherence, including lack of interest in the exercise programme, low expectation of positive outcomes, fear of falling and adverse weather. 5 A large survey in 5440 older adults indicated that home-based exercises were preferred over other fall prevention strategies and this was particularly so in older and more socially disadvantaged people who are a high risk of falling. 6 A recent systematic review further highlighted that the inclusion of balance training was associated with the best adherence to home exercise programmes. 4 This indicates that a well-designed homebased balance training programme has the potential to be widely adopted by older people as a fall prevention strategy.
Recent advances in smart phones and tablet computers offer viable, inexpensive and highly accessible means to deliver health messages, and to motivate and guide people to make lifestyle changes. Smart phone apps are currently used for management of chronic diseases, such as diabetes and cardiac rehabilitation, as well as to deliver exercise programmes. Using apps to deliver balance training to older people at risk of falls may enable greater choice in preferred exercise options, increased convenience and accessibility, and instil a greater level of engagement through immediate performance feedback. While many apps are available, few have been evaluated in rigorously conducted clinical trials.
We have developed an engaging home-based exercise programme delivered through a tablet computer in line with current evidence-based principles to prevent falls and maximise long-term adherence. The programme is called Standing Tall. It offers tailored and progressive balance exercises and an in built coach to encourage users to exercise at the desired frequency. This randomised controlled trial (RCT) aims to determine the effect of Standing Tall on fall rate and known fall risk factors (including balance, gait, concern about falling and physical activity levels) in older people over a 24-month follow-up period, when compared with a health promotion education 'control' programme. The trial will also establish predictors of adherence to the exercise programme and estimate the cost-effectiveness of this approach.
METHODS AND ANALYSIS Trial design
An RCT will be conducted to examine the effectiveness of a home-based balance training programme delivered through a tablet computer. The intervention will involve balance training for at least 2 h per week for 2 years and a health promotion education programme. The control group will solely receive the health promotion education programme, also delivered through a tablet computer, in addition to usual care. Falls will be monitored in all participants for 24 months from their start in the trial. The trial protocol has been registered prior to starting the trial on the Australian and New Zealand Clinical Trial Registry (ACTRN12615000138583), as outlined in table 1. Important protocol modifications will be communicated to the trial registry.
Participants and eligibility criteria Five-hundred people aged 70 years or older, living in the community in the Sydney metropolitan area will be recruited. Eligibility criteria include English-speaking, living independently at home, able to walk in their home without the use of a walking aid, and willingness to give informed consent and comply with the study protocol. People will be ineligible to participate in the trial if they have an unstable or acute medical condition that precludes exercise participation, have a progressive neurological condition (such as Parkinson's disease, multiple sclerosis, Meniere disease), are cognitively impaired defined as a Pfeiffer Short Portable Mental Status Questionnaire (SPMSQ) score <8, 7 or are currently participating in a fall prevention programme (ie, more than 30 min of balance or lower limb strength exercises per week).
Recruitment
Participants will be recruited primarily via presentation of the study to targeted senior audiences. The targeted groups (and individuals) are sourced from advertisements in community services newsletters, notice boards, local newspapers, social media, and retirement villages and community centres in Sydney, Australia. Potential participants will be screened for eligibility over the phone. Eligible participants will receive information Active comparator: home-based balance training (2 h per week) and health promotion education programme delivered through a tablet computer Control comparator: health promotion education programme delivered through a tablet computer in people's homes Key inclusion and exclusion criteria Ages eligible for study: ≥70 years; Sexes eligible: both; Accepts healthy volunteers: yes Inclusion criteria: older adults (≥70 years), community-dwelling, independent in activities of daily living, able to walk household distances without the use of a walking aid, willing to give informed consent and comply with the study protocol, have sufficient English language skills to understand the assessment and intervention procedures Exclusion criteria: current participation in a fall prevention programme, cognitive impairment defined as a Pfeiffer sheets by post and will be able to have an informed discussion with trained research assistants regarding the information provided (see online supplementary appendix 1). Trained research assistants will obtain written consent prior to baseline assessment.
Randomisation
Following baseline assessment, participants will be randomly allocated to the intervention or control group using a web-based randomisation service. Permuted block randomisation using computer-generated random numbers is applied to form two groups of similar size (allocation ratio 1:1). People living in the same household are treated as one unit and randomised into their own blocks to ensure that equal numbers of couples are allocated to intervention and control groups. Allocation concealment will be ensured as the randomisation code will only be released after all baseline assessments have been completed.
Intervention
The intervention consists of balance training delivered through a tablet computer at home. Participants will receive a tablet computer with the balance training programme and exercise equipment (foam cushion, stepping box, exercise mat) as depicted in figure 1 . During an initial home visit (approximately 2 h, 1-3 weeks after the baseline assessment), the exercise trainer (exercise physiologist or physiotherapist) will explain to the participant how to use the Standing Tall programme. The exercise trainer will perform an inbuilt initial balance assessment to ensure that the exercises are tailored to the participant's balance abilities. The exercise trainer will deliver exercise instructions and also explain how to use other features of the Standing Tall app (eg, scheduling exercises, tracking progress, setting goals), and use additional features of the tablet computer (eg, app store, browsing the internet, emails). Participants will receive a follow-up home visit at 1 month (approximately 1 h) to ensure safe use and progression of training, provide help with setting individual goals, and discuss any issues related to using the programme.
The exercises are designed to train static balance (semi-tandem, tandem, standing on one leg) and dynamic balance (leaning balance, walking), while also training on an unstable surface (ie, foam cushion), stepping in different directions on the exercise mat and stepping on a box. Instructions on how to perform each exercise will be provided with on-screen text, video demonstrations and voice-over instructions. The exercises will be tailored to the participant's balance abilities over the duration of the trial. The intensity of the balance exercises will be monitored continuously using a modified rate of perceived exertion (RPE) scale and adjusted as performance improves to ensure that exercises remain challenging. Progression of training intensity will be guided by an inbuilt coach that uses RPE scale data from their recent training activity. To maintain participant engagement and adherence, new exercises will be introduced based on progression rules. The initial exercise duration is set at 40 min per week (weeks 1 and 2), and gradually increases to 60 min (weeks 3 and 4), 80 min (weeks 5 and 6), 100 min (weeks 7 and 8) and 120 min from week 9 onwards. Participants will be encouraged to exercise at least 120 min per week for 2 years in line with current evidence. 2 The activity planner will help participants to schedule their exercises (with reminder notifications). The goal setting component will help participants to set and monitor personal goals. Participant adherence (training duration and frequency) will be monitored following automatic data transfer to a server and will be examined weekly. Participants will also be reminded of their training duration within the app. Participants not engaging in the minimum weekly training duration for two consecutive weeks will be contacted by phone to discuss any issues and to encourage adherence for the first 6 months. Phone support will be available and additional home visits will be offered as needed or requested for the duration of the study (ie, 2 years).
Participants in both intervention and control groups will receive the Standing Tall education programme containing health-related information relevant to older adults. The health education programme is also delivered through the tablet computer. A message will alert participants that a new 'fact sheet' can be viewed by automated weekly updates for the duration of the trial. The education content includes information on general health, medications, good sleep, diet, depression, how to talk to medical professionals, etc. It also includes fallspecific information on known risk factors for falls and evidence-based prevention strategies. Systematic review evidence has shown that falls cannot be reduced by increasing knowledge about fall prevention 1 ; therefore, the provision of education material alone is considered a suitable control intervention. All participants are instructed on how to use the Standing Tall education programme during the baseline assessment as well as to provide data on falls and health service use, and complete the reassessment questionnaires. The control group is followed up by a phone call at 1 week and again at 1 month from their start in the trial, to discuss any issues with accessing the health education programme, using additional features of the tablet computer and data collection. Figure 2 shows the study design.
Outcomes

Data collection
Assessments will be conducted by trained research assistants with a health science background and will involve questionnaires, and physical and cognitive performance assessments (table 1) . Demographic data will be collected at baseline. This will include information on age, gender, living arrangements, education, computer use and medical history ( presence of medical conditions, medication use and fall history). Each participant will undertake a questionnaire-based reassessment at 6, 12, 18 and 24 months from their start in the trial. A subsample of 200 participants will undergo a physical and cognitive reassessment at 6 and 12 months from their start in the trial. Each assessment will take about 2 h to complete. Assessors will be blinded to group allocation. To avoid unmasking of the assessors, participants will be instructed not to refer to their group allocation, the programme or their use of the tablet. Questionnaire assessments (6-monthly) and follow-up of falls (weekly) and health services use (monthly) will be collected through the tablet computer. If a survey is not returned, participants will be contacted by email or phone. Participants may withdraw from the study for any reason at any time or may be withdrawn by the study investigators if they are unwilling or unable to comply with the study procedures. Once a participant is randomised, study staff will make every effort to follow-up the participant on outcome measures for the entire study period. All data will be stored securely at the study site, and participant information will be stored in locked cabinets in areas with limited access.
Measures
The primary outcome measures include the number of fallers and falls rate at 12 months. A fall will be defined using the internationally derived consensus definition of "an unexpected event in which the participant comes to rest on the ground, floor, or lower level". 8 Fall frequency will be monitored in weekly fall diaries through the tablet for 24 months from their start in the trial. The number of fallers and falls rate at 24 month are included as secondary outcome measures. Participants who report falling will be asked to complete a short questionnaire detailing the circumstances and consequences of the fall, including medical interventions and hospitalisations. Fall diary data will be monitored by using data transfer to a secure server.
Secondary outcome measures will be assessed to elucidate mechanisms underlying any fall reduction observed in the trial and determine to what extent the training transfers to other important outcomes such as balance, gait and mobility; concern about falling; cognitive function; and overall physical activity levels. The secondary outcomes, listed in table 2, will be collected at the identified time points by a trained assessor blinded to group allocation. The order of measurements will be standardised.
Physical and cognitive assessments will be assessed in all participants at baseline, and repeated at 6 and 12 months in a subsample of 200 participants.
Physiological fall risk will be assessed using the Physiological Profile Assessment (PPA). 9 Five parameters of physiological performance are used to calculate an estimate of physiological fall risk, including visual contrast sensitivity, proprioception, quadriceps strength, simple reaction time and postural sway on a foam mat. 9 Balance, functional mobility and gait will be assessed in additional tests. Balance will be assessed using tests of static balance (in different feet positions on floor and foam mat), 10 maximum forward and backward leaning balance (Maximal Balance Range test), and controlled leaning balance (Coordinated Stability test). 9 Functional mobility will be assessed with the timed sit-to-stand (five repetitions) 11 and timed up-and-go tests. 12 Walking speed will be assessed at participants' self-selected walking pace, using a 10-m walk test. 13 Stepping performance will be assessed with Choice, Stroop and Inhibitory Stepping Reaction Time (SRT) tests as composite measures of balance, executive function and reaction time. For Choice SRT, participants are required to step as fast as possible onto six target panels on an electronic step mat in response to arrows pointing to the front, sides and back presented in a random order on a display screen.
14 Stroop SRT requires participants to step by the word written in the arrow and not the arrow direction, and inhibitory SRT includes a no-go task. 15 Cognitive outcome measures will be assessed with the Montreal Cognitive Assessment (MoCA), 16 Trail Making Tests and the Victoria Stroop task. The MoCA assesses several cognitive domains and executive function will be assessed separately using the Trail Making Tests ( parts A and B) 17 and the Victoria Stroop task.
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Questionnaire-based assessments will be conducted at baseline and at 6, 12, 18 and 24 months in all participants.
Psychological outcome measures are assessed through questionnaires. Concern about falling will be measured by the iconographical Falls Efficacy Scale, 19 depressive symptoms by the nine-item Patient Health Questionnaire 20 and well-being using the COMPAS-W scale. 21 The Exercise Self-Efficacy Scale (ESES) 22 and Attitudes to Falls-Related Interventions Scale (AFRIS) 23 will assess exercise self-efficacy and readiness to exercise at baseline. Additional information on personality and daily life events will also be sought, using the NEO Five-Factor Inventory (NEO-FFI) 24 and Daily Life Event scale, 25 respectively. Health-related quality of life will be assessed using the 12-item WHO Disability Assessment Schedule (WHODAS II), 26 the European Quality of Life, 5 Dimensions (EQ-5D) questionnaire 27 and the 20-item Assessment of Quality of Life, 6 Dimensions (AQoL-6D). 28 Detailed self-report information on frequency and duration of physical activity will be assessed using the Incidental and Planned Exercise Questionnaire. 29 Physical activity levels during daily activities and daily life gait will be monitored with a wearable accelerometer for 1 week. 30 The use of health and community services will be recorded through a monthly questionnaire using the tablet computer for 24 months. Health service data will be monitored by using data transfer to a server, and followed up by email or phone if not returned.
Intervention group participants will be asked about their user experiences using questionnaires at 6,12, 18 and 24 months, and adverse events and adherence rates to the intervention will be monitored for 24 months.
Usability and enjoyment will be assessed in the intervention group with the System Usability Scale 31 and Physical Activity Enjoyment Scale, 32 respectively. The ESES and AFRIS will be repeated in the intervention group only.
Participant adherence rates to the exercise intervention will be automatically recorded by the tablet computer in the intervention group and monitored following data transfer to a secure server. The average weekly training duration and total training duration will be used as an outcome measure of short-term (6 months) and long-term adherence (12, 18 and 24 months). Interviews will be conducted at 6, 12 and 24 months to identify reasons for adherence and nonadherence in a subsample of participants.
Any adverse events from the intervention will be monitored, recorded and reported to the research institute's (NeuRA) safety monitoring committee. Serious adverse events will be reported to the ethics committee.
Statistical analysis
Trial data integrity will be monitored by regularly checking data files for omissions and errors. Analyses conducted will be masked to group allocation and will use an intention-to-treat approach, independent of the sponsor and competing interests. Number of falls per person-year will be analysed using negative binomial regression to estimate the difference in falls rates between the two groups. Proportion of fallers between groups will be compared using the incidence rate ratio statistic. Secondary analyses using causal modelling will be conducted to establish intervention effects in people with greater adherence. General linear models will be used to assess the effect of group allocation on continuously scored secondary outcome measures. Logistic regression models will be used to compare groups on dichotomous outcome measures. Predictors of uptake, acceptability and adherence will be established using multivariate modelling techniques. Economic analyses will be assessed from a health and community care provider perspective. The outcome measure for the cost-effectiveness analysis will be cost per fall prevented over the study duration (time horizon: 12 and 24 months). In the cost-utility analysis, primary outcomes will be measured in terms of quality-adjusted life years (QALYs) gained. Resource use will include intervention costs, healthcare costs and community service costs. Utility-based quality of life (EQ-5D and AQoL-6D) will be measured at baseline and at 6, 12, 18 and 24 months, allowing calculation of QALYs over the 24-month study duration. The base QALY analysis will use the EQ-5D, with AQoL-6D values being used in a sensitivity analysis. By using mean costs in each trial arm and mean health outcomes in each arm, the incremental cost per fall prevented and incremental cost per QALY gained of the intervention group compared with control group will also be calculated. Sensitivity analyses will be performed to assess the robustness of our basecase findings. We will conduct one-way and multiway sensitivity analyses, and a probabilistic sensitivity analyses to estimate the joint uncertainty in cost and effect parameters. The probability that the intervention is costeffective, given a decision maker's willingness to pay for each additional unit of health outcome achieved, will be estimated by bootstrapping of costs and health outcomes. As the underlying willingness to pay is unknown, the probability of the intervention being cost-effective will be presented as a function of a varying willingness to pay in cost-effectiveness acceptability curves.
Sample size
A sample size calculation (5% significance level, 80% power, 33% effect and 20% dropout rate) indicated a sample size of 500 will be necessary to see an effect on the fall rate. An α value (measure of overdispersion in negative binomial regression) of 1.2 was taken from a previous fall prevention trial of 500 older adults. 33 Control group rate of falls was assumed to be 0.8 fall per personyear and an Incidence Rate Ratio (IRR) of 0.67 was based on metaregression results from 44 RCTs investigating the effect of balance challenging exercise on fall rates. 2 An average follow-up period of 22 months (rather than the planned 24 months) was used to account for loss to follow-up. Power calculations of secondary outcome measures indicate that 500 participants will be sufficient to detect between-group differences in questionnaire-based measures. For example, we have 90% power to detect differences in concern about falling (effect size f=0.15, correlation ρ=0.75, repeated measures analysis of variance (RM ANOVA), α 5%, 2 groups, 4 measurements, 20% dropout). 34 A subsample of 200 participants will be sufficient to detect between-group differences in physical outcome measures. For example, we have 95% power to detect differences in postural sway (effect size f=0.38, correlation ρ=0.76, RM ANOVA, α 5%, 2 groups, 4 measurements, 20% dropout). 34 
DISCUSSION
Balance training has been shown to be effective in reducing falls in older people. However, poor compliance with the recommended duration of 2 h of exercise per week calls for new alternatives. This trial involves the use of a tablet computer for delivering an innovative home-based balance training programme that has the potential to be effective, cost-effective and sustainable. The Standing Tall programme incorporates evidence-based exercises to prevent falls and behavioural techniques to enhance longterm exercise adherence, using a person-centred approach while embracing new and emerging technologies. Delivery of the intervention through a tablet computer allows real-time data gathering and is particularly appropriate for providing the tailored support that is needed towards effective fall prevention in older people. It may also enable greater choice in preferred exercise options, greater level of engagement, increased convenience and increased accessibility of health services to large populations. With growing popularity of tablet computers, it is anticipated that this mode of healthcare delivery will become increasingly widespread. This project will be the first RCT to evaluate the effectiveness of a home-based exercise programme delivered through a tablet computer for preventing falls in older community-dwelling people. The 2-year duration of the trial will allow the evaluation of long-term adherence to the programme and predictors of adherence to the programme. The project will also include an economic analysis to provide information for future implementation. Outcomes will be disseminated through publication in peer-reviewed journals and presentations at international conference meetings. The completion of this trial is expected by the end of 2018.
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